Background/aims-Uveal melanoma is the commonest malignancy of the eye, with a high proportion of patients dying of metastatic disease. Tumours showing a loss of chromosome 3 and gains of chromosome 8 are associated with a worse prognosis. The eYciency of fluorescence in situ hybridisation (FISH) in determining copy numbers of these chromosomes was assessed in individual tumours and related to patient survival. Methods-33 fresh frozen samples were analysed with centromeric probes for chromosomes 3 and 8. Patient outcomes were divided into two groups: (1) absence of genetic abnormalities (no genetic imbalance) and (2) presence of genetic abnormalities (genetic imbalance). The log rank test was used to compare survival, which was represented by KaplanMeier survival curves.
They account for approximately 80% of all non-cutaneous melanomas, 3 and are classified as either posterior, located in the choroid, or anterior, when located in the ciliary body or iris. 4 Uveal melanomas invariably metastasise to the liver, with the incidence of metastases peaking usually at 2-4 years after primary enucleation. 5 Thus, prognosis is generally poor, with a 5 year tumour related mortality of 16-53%. 5 A number of negative prognostic indicators have been established for uveal melanomas which include a maximum tumour diameter of greater than 15 mm; the presence of epithelioid cells; extrascleral extension; tumour location in the ciliary body; 6 7 and the histological assessment of tumour vascular patterns. 8 A number of cytogenetic studies have shown that a loss of chromosome 3 is a significant negative prognostic indicator of early relapse and poor survival. [9] [10] [11] Research has also shown that a gain of chromosome 8, principally in the form of an isochromosome 8q, is also associated with a worse prognosis. 10 12-20 Other research has also found that the presence of chromosome 6 abnormalities is predictive of a good prognosis even when associated with abnormalities of chromosomes 3 and 8. 21 However, cytogenetic analysis requires the short term culture of tumours followed by producing good quality metaphase spreads. This process is not only laborious but could also induce in vitro genetic changes. The possibility also exists for missing genetic changes because of the small number of cells studied. The development of fluorescence in situ hybridisation (FISH) allows the interphase cytogenetic analysis of either fresh or archival tumour tissue not only quickly, but also accurately in a large number of cells. It also allows for the examination of multiple genetic changes by the use of probes labelled with spectrally distinct fluorescent dyes. 22 In this study we present the retrospective analysis of fresh frozen material from 33 patients using centromeric probes for chromosomes 3 and 8 and to correlate the analysis with patient survival.
Materials and methods

SAMPLES
Informed patient consent and ethical approval were obtained before commencing the study. A series of 33 tumour samples from 33 patients treated between 1987 and 1995 was examined. The majority of patients were treated by enucleation, with tumour material being removed immediately after the globe had been opened. Histopathological diagnosis and treatment decisions were not aVected by this procedure. All tumours were categorised histopathologically according to the AFIP system of classification for uveal melanomas. 23 Tumour diameter was assessed preoperatively by B scan ultrasonography (Cooper Vision) and subsequent follow up was conducted at the Department of Ophthalmology and Orthoptics, University of SheYeld.
FLUORESCENT IN SITU HYBRIDISATION
Thirty three fresh frozen uveal melanoma tumour samples stored in optimal cutting temperature (OCT) compound were analysed using FISH. Fresh frozen samples were selected for the study, as suYcient long term follow up was available. ParaYn embedded material was also available; however, tumour samples had been fixed in glutaraldehyde and so were not suitable for FISH analysis. Each fresh frozen sample was disaggregated manually in 2-3 ml of phosphate buVered saline (PBS) using a scalpel, with the resultant suspension being centrifuged at 1000 rpm for 10 minutes followed by a 15 minute incubation in hypotonic solution (0.075M KCl) at 37°C. The sample was then centrifuged again at 1000 rpm for 10 minutes followed by fixation in 3:1 methanol:acetic acid. The fixation was repeated twice. Slides of the disaggregated tumour material were prepared a week in advance of performing the FISH.
FISH was performed as previously described. 11 Briefly, slides underwent digestion in pepsin (50 mg/ml) in 0.01M HCl at 37°C for 10 minutes, followed by fixation in 1% formaldehyde in PBS + 50 mM MgCl 2 . The slides were then dehydrated in an ethanol series and allowed to air dry. Denaturation was performed in 70% formamide, 2 × SSC, and pH 7.0 at 70°C for 2 minutes. Alpha satellite centromeric probes for chromosomes 3 (D3Z1) and 8 (D8Z2) were prepared according to instructions supplied by Appligene Oncor SA and allowed to hybridise overnight at 37°C. Post hybridisation, the slides were washed in stringency solution (50% formamide, 2 × SSC, pH 7.0) at 42°C for 5 minutes, which was repeated once. This was followed by two washes in 2 × SSC at 42°C for 5 minutes. Probe detection was performed using Appligene Oncor probe detection solution followed by dehydration in ethanol. The slides were subsequently counterstained with 4,6-diamidino-2-phenylindole (DAPI) (100 ng/ml) in antifade. The centromeric probes for chromosomes 3 and 8 were detected using the indirect detection method with rhodamine and fluorescein isothiocyanate (FITC) respectively.
Analysis was performed using a CCD camera attached to a fluorescent microscope and controlled by a Macintosh computer, using PSI MacProbe software.
STATISTICAL ANALYSIS
For each sample, 300 cells were counted. Cells were excluded if they were clumped together or if they appeared to have been cut.
Six normal blood controls were also analysed using FISH to assess the sensitivity and specificity of the centromeric probes. Again 300 cells were counted for each sample.
Patient outcomes were divided into two groups: (1) absence of genetic abnormalities (no genetic imbalance) and (2) presence of genetic abnormalities (genetic imbalance). No genetic imbalance was defined as a cell having the normal complement of two target hybridisation signals for each chromosome (Fig 1A) , and the presence of genetic imbalance was defined as any combination of target hybridisation signals other than two for chromosome 3 and two for chromosome 8 (Fig 1B and C) . Genetic imbalance was said to be present if the number of normal cells was less than 70% of the total population observed. A value of 70% was taken, as this was the sensitivity supplied in the data sheets, which was confirmed by performing FISH on the normal blood controls.
Independent samples t test, 2 test, or Fisher's exact test were used to assess any differences in sex, age, tumour cell types, location, and mean tumour diameter between the two groups. The log rank test was used to compare survival, which was represented by Kaplan-Meier survival curves. Statistical analysis was performed using SPSS statistical software package on a PC computer. 
Results
All the normal blood samples showed normal constitutional hybridisation signals for chromosomes 3 and 8 (that is, two hybridisation signals each for both chromosomes) in between 80% and 90% of cases. This was in keeping with data specifications supplied by Appligene Oncor, which stated that a normal sample of cells would show two hybridisation signals for each chromosome in 70% of cells analysed.
Of the 33 tumours analysed, 16 showed evidence of genetic imbalances. Of these 16 tumours, 14 patients had died by the end of the study, with 10 having died of liver metastases. The cause of death was unknown in two patients, with the rest having died of unrelated causes. The median duration of survival for these patients was 37 months (14-52 months). Of the tumours without evidence of genetic imbalances, five patients had died by the end of the study, although none had died as a result of either liver metastases or from the primary uveal melanoma. The median duration of survival for these patients was 114 months (44-204 months) ( Table 1) . Two patients were lost to follow up, one from each group and were thus excluded from the survival analyses.
Of the 16 tumours that showed genetic imbalance, imbalance was due to a loss of chromosome 3 in 15 of these cases, with associated gains of chromosome 8 in three tumours only. Only one tumour had a gain of chromosome 8 not associated with a loss of chromosome 3 (Mel 50) where the patient died due to liver metastases and survived only 52 months ( Table 1) . The results obtained using FISH were in accord with previous cytogenetic analyses in several tumours (Mel 22, 36, 37, 40, 52, 53, and 57) and discordant in two tumours (Mel 14 and 44), where cytogenetic analysis was incomplete, as a result of insuYcient material.
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If only those deaths due to liver metastases are considered, the diVerence between the two groups is statistically significant (p<0.0001). However, even if it is assumed that all patients who died may have had occult metastases, the diVerence between the two groups is still statistically significant (p<0.0001). Both scenarios are represented by the Kaplan-Meier survival curves (Figs 2 and 3) .
No significant diVerences were observed in sex (p=0.732), age (p=0.889), tumour cell type (p=0.73), location (p=0.498), or mean tumour No GI No GI, censored diameter (p=0.574) between the two groups ( Table 2) .
Discussion
Genetic imbalance of chromosome 3 and 8 represents a significant risk factor for metastatic disease and reduced survival in patients with uveal melanoma. Clinically significant genetic imbalances can occur as a result of a single loss of chromosome 3; a loss of chromosome 3 associated with gains of chromosome 8; or rarely from a single or multiple gains of chromosome 8. Conversely, the absence of any genetic imbalance, with diploid tumour cells, appears to predict for a better prognosis.
A level of 70% was used as a cut-oV point for the assessment of imbalance, since two probes were being used synchronously and the manufacturer's sensitivity for each probe was stated as 70%. Although the normal blood samples exhibited a normal constitutional ratio in 80-90% of cells, declaring genetic imbalance in tumours where the number of normal cells was less than 80%-in other words the number of cells exhibiting genetic imbalance exceeded 20% rather than 30%-two additional tumours (Mel 44 and 69) would have been declared as showing genetic imbalance; in both cases the patients are still alive having survived for over 100 months. However, the diVerences in survival between the two groups would still be significant (p<0.0005). It is important to consider at what level of genetic imbalance is important in determining prognosis-for instance, in the case of Mel 26, just over 30% of cells analysed showed genetic imbalance where the patient died of liver metastases. It is possible that in the long term even patients with minimal genetic imbalance, in the region of 5-10%, will ultimately proceed to develop metastatic disease, but at this level any inaccuracies of technique could lead to an increase in the number false positives.
A previous study by McNamara et al, who performed FISH analyses on 17 choroidal and five conjunctival melanoma specimens using chromosome 3 centromeric probes, found monosomy 3 in two choroidal tumours (12%), whereas in this study 13 of 30 patients with choroidal tumours (43%) exhibited monosomy 3 of which eight had died of confirmed liver metastases. Although, overall, the incidence of monosomy 3 was higher in our study, this may reflect a higher proportion of tumours with ciliary body involvement, which are more likely to be associated with monosomy 3.
11 21 The long term clinical relevance in the study by McNamara et al was not established. 24 The use of centromeric probes in this study only allows for the analysis of copy numbers of either chromosome. Therefore, subtle sequence changes such as base substitutions, deletions, or insertions will be missed, as will chromosome translocations. 22 Several tumour suppressor genes may reside on chromosome 3, the loss of which may result in tumour progression, metastatic disease, and reduced survival. 25 The gain of chromosome 8, especially 8q, has also been seen in a number of other tumours, suggesting the presence of either a single or multiple potential oncogenes. 26 27 With further developments in the mapping and sequencing of tumour suppressor genes and oncogenes involved in uveal melanoma metastasis, the sensitivity and specificity of this technique could be improved further.
Interestingly, no significant diVerence was observed in tumour cell type, tumour location, or mean tumour diameter, which was found in other studies. 2-6 7 This may have been as a result of the small numbers of tumours present in each group. Liver resection surgery for liver metastases from colorectal cancers has been eVective in improving survival and quality of life. 28 29 However, there have been few reported studies on the eVectiveness of resection of liver metastases from uveal melanomas, as metastases tend to present late and at multiple sites within the liver. 30 Similarly, chemotherapy has also failed to show significant benefit in patients with extensive disease. 31 However, combination therapy with surgery and local chemotherapy may provide benefit in selected patients. 30 32 33 The potential to identify high risk patients could allow these patients to be monitored more closely for the presence of liver metastases or be oVered adjuvant chemotherapy at an earlier stage.
We have shown that FISH analysis for chromosome 3 and 8 is a reliable and eYcient technique in the analysis of fresh frozen tumour specimens and is valuable in the prediction of prognosis in individuals with uveal melanomas. Further large scale prospective studies will be required to define the sensitivity and specificity of this technique in clinical practice.
